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Abstract of EP0275966 

4'-Deoxy-13(S)-dihydro-4'-iododoxorubicin having the formula (II): 
<CHEM> 

and pharmaceutical^ acceptable salts thereof are provided, together with a process for 
preparing the same, pharmaceutical preparations comprising the same, and the use of 
the same for the manufacture of medicaments having anti-tumor activity. 
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A doxorubicin derivative, a process for preparing the same, 
pharmaceutical preparations comprising the same, and the use 
of the same for the manufacture of useful medicaments. 

Description of 1P027S966 



A DOXORUBICIN DERIVATIVE, A PROCESS FOR PREPARING THE SAME, 
PHARMACEUTICAL, PREPARATIONS COMPRISING THE SAME, AND THE USE OF 
THE SAME FOR THE MANUFACTURE OF USEFUL MEDICAMENTS 

The present invention relates to a doxorubicin derivative, its preparation and 
pharmaceutical compositions containing it. 

Accordingly, the present provides 4 , -deoxy-13(S)-dihydro-4'-iododoxorubicin having the 
formula (II) EMM .1 and pharmaceutical^ acceptable salts thereof. 

A microorganism belonging to the genera Streptomcyes is employed for a 
Stereoselective reduction of the 13-ketone functional group of 4'-deoxy-4'« 
igdodoxorublcin (I) EMU. 2 to give specifically 4'-deoxy-13-(S)-dihydro-4'- 
iododoxorubiein, one of two possible C-13 stereoisomeric 4'-deoxy-13-dihydro-4'» 
iododoxorubicins. The new compound (II), hereinafter designated FCE 24883, is useful 
as an anti-tumor agent and displays on experimental tumors an activity comparable with 
that of 4'-deoxy-4'-iododoxorubicin (I). The substrate for the microbial stereoselective 
reduction is a doxorubicin semi-synthetic analogue disclosed In our US-A-4438105 
(March 20, 1984), 

More particularly the present invention relates to a biosynthetie process by which a 
mutant of the species Streptomyces peucetlus, designated strain M 87 F.I. and 
deposited at the Deutsche Sammlung von Mikroorganismen where it is registered under 
the accession number DSM 2444, is characterised by its ability to stereoselectively 
reduce the 13-ketone functional group of 4'-deoxy-4'-iododoxorubicin (I). Compound 
FCE 24883 (II) which results accumulates in the fermentation broths. The FCE 24883 (II) 
fan be recovered from fermentation broths and crude solutions of it concentrated and 
purified. 

The Invention therefore also provides a process for the preparation of 4'-deexy=13(S)= 
djhydro-4'-lododoxorublcin of formula (II) or a pharmaceutical^ acceptable salt thereof, 
which process comprises culturing Streptomyces peucetius strain M 87 F.I. (DSM 2444) 
in the presence of 4 I -deoxy-4'-iododpxorubicin and recovering the resultant 4'-deoxy-13 
(§)-dihydro-4'-iododoxorubicln as such or in the form of a pharmaceutical^ acceptable 
salt. 

The invention includes within its scope the new antitumor anthraeyeline FCE 24883 (II) 
in the pure form as the hydrochloride. 

The invention also provides a pharmaceutical composition comprising compound (II) or 
§ pharmaceutical^ acceptable salt thereof in admixture with a pharmaceutical^ 
acceptable diluent or carrier. 



©©tailed description of the invention; the microorganism 
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Streptemyees peueetius subsp. aureus ATCC 31428 has been mutated, using 
nitrosoguanidine, to give a laboratory microorganism designated Streptomyces 
peueetius strain M 87 F.I. which selectively transforms compound (I) into compound (II). 
U, peueetius strain M 87 F.I. has been given the accession number DSM 2444 by 
Deutsche Sammlung von Mikroorganism. West German, where it has been deposited in 
the permanent collection. 

The morphology of the mutant strain M 87 F.I. is indistinguishable from that of the parent 
i. peueetius ATOC 31428, whereas both cultures are clearly distinguishable In their 
cultural and biochemical characters. In fact mutant strain M 87 F.I. does not produce on 
agar media the straw yellow to lemon yellow soluble pigment which characterises its 
parent S. peueetius ATCC 31428. 

Moreover mutant strain M 87 F.I. can selectively transform compound (I) into compound 
(II) whereas the parent S. peueetius ATCC 31428 is not selective In this respect. This 
property of mutant M 87 F.I. makes it highly useful, as herein disclosed. 



The transformation process 



The stereoselective biotransformation of the present invention ean be effected in a 
growing culture of S. peueetius strain M 87 F.I. by adding compound I as substrate to 
trie culture during the incubation period. 

Compound I, as the hydrochloride, ean be added after solubilization In sterile distilled 
water. The preferred, but not limiting, range of concentration of compound I in the culture 
is about 50-200 micrograms per liter. The culture is grown in a nutrient medium 
containing a carbon sources, for example, an assimilable carbohydrate and a nitrogen 
source, for example an assimilable nitrogen compound or proteinaceous material. 
Preferred carbon sources include glucose, sucrose, glycerol, starch, corn starch, dextrin, 
molasses and the like. Preferred nitrogen sources Include corn steep liquor, yeast 
extract, brewer's dry yeast, soy bean meal, cotton seed meal, corn meal, casein, fish 
meal, distiller's solids, animal peptone, meat extract, ammonium salts and the like. 
Oombinatlon of these carbon and nitrogen sources can be used advantageously.Trace 
metals, for example, zinc, magnesium, manganese, cobalt, iron and the like, need not 
necessarily be added to the fermentation media, since tap water and unpurified 
ingredients are used as components of the medium prior to sterilization. 

The biotransformation process can range from about 72 hours to 8 days. The incubation 
temperature during the biotransformation process can range from about 25 DEG C to 
about 37 DEG C, with 29 DEG C being preferred. The content of the transformation 
vessels are aerated by shaking at about 250 r.p.m. or by agitating with sterilized air, to 
f§cilitate growth of the microorganism, and this enhance the effectiveness of the 
transformation process. 



The progress of the microbial transformation reactien is monitored by withdrawing 
samples of fermentations at various time intervals, and extracting at pH 8.0 with a 9:1 
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diehloromethaneimethanel mi We, When a sample of th© organiewraet is subjected to 
thin layer chromatography (TUG), using as fluent a mixture of 
ehloroform:methanol:aeetie acid:water 80:20:7:3. (by volume), compound FCE 24883 (II) 
i§ found to occur at Rf medium value of 0.S0, while 4 l =deexy«4 , =iododoxorubieln (I) is 
found at Rf 0.80. A quantitative estimation of the two anthracycllnes can be performed 
after TLC using the above mentioned eluting systems, by scraping off and eluting with 
methanol the corresponding red coloured zones and finally spectrophotometric 
extermination at 4I§ nm 



IplgtiiR gF@&efJUP§ 



The whole fermentation broths, in which compound I has seen subjected to conversion 
into FCE 24883 (II), are filtered with the aid of diatomaceous earth. The red mycelial 
cake is extracted with a water miscible organic solvent, such as methanol and other 
iQwer alcohols, dioxane, aeetontrile, acetone, preferentially acetone is employed. The 
mycelial extracts are collected, concentrated under reduced pressure and combined with 
the filtered fermentation liquors, adjusted at pH 8.0 then extracted with a water- 
immiscible organic solvent such as n-butenol, chloroform, dichloromethane, or 
preferentially a dichloromethane:methanol 9:1 mixture. The organic extracts contain 
lOE 24833 (II) along with compound I and some minor degradation products. 



The erf anie extraat is eeneentFeted under reduced prossuro te dryness and the residue, 
dissolved in dichloromethane, is chromatographed on a column of silica gel, buffered at 
pH 7, with a gradient of dichloromethane: methanol :water mixture. Compound I is eluted 
first with a 95:5:0.25 mixture, followed by FCE 24883 (II) with a 90:10:0.5 mixture, From 
the pooled fractions, after washing with water, concentration to a small volume in the 
presence of n-propanol, addition of an equivalent of hydrochloric acid and of an excess 
ejf n-hexane, a precipitate of pure FCE 24883 (II). as the hydrochloride is obtained, 

Qtiemiea! end Phy§i§§l PF§prti§§ 



£Q1 §4g§§ (||) as fF§e base is soluble in pelaF erganie sslvents and aqueous aleshels., 
while Its hydrochloride is soluble in water and lower alcohols but slightly soluble in 
organic solvents. The hydrochloride of FCE 24883 has the following physicochemical 

proparties; 

melting point; 109 &m Q (dee,) 

specific rotation: [ alpha ] * 188 Dl© (e 0,05, CH30H) 
y : y : and Vli edserptien seegtrum: lambda §§§ 

pi, m. ise. m$ 4§§ m 
w$m*m s4ig, g?e, w, mi 

i,C§p§etnjm (Kir): peeks at the following frequences; 

3400, 2970, 2920. 1810. 1580. 1472. 1440, 1410. 1380, 1355, 1320, 1280, 1235. 1210. 
1110, 1080, 1060, 1030. 1010. 985. 965. 940. 920, 900, 890. 870. 860, 830, 810, 785, 
755, 730, 710, §40, 480, 450 and 415 em«»»«1>, 
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esp(§}cenet description vi§w ^ Page 4 of 6 

1H-NMR Spectrum (DMSOd6™0 MHz, 22 DIG C): 14,03 (bs, 2rW>H-6,OH-1 1 ), 7,6- 
7.0 (m, 3H, H-1, H-2, H-3), 6.26 (m. 1H, H-1'), 4.96 (d, J=5.2 Hz, 1H. QH-13)4.92 (m, 
1H, H-7), 4.55 (m, 1H, H-4'), 4.51 (t, J= 6.7 Hz, 1H, OH-14), 4.20 (s, 1H, OH-9), 3,97 (s, 
3H, 4-OCH3), 3,76 (ddd, J=3.5, 6.7, 11.0 Hz, 1H. CH, (H)- OH), 3.60 (dq, J=1.0, 6.0 Hz, 
H-5'), 3.48 (ddd, J«7,2, 6.7. 11.0 Hz, 1H, CH(H)-OH), 3.37 (ddd, J= 5.2, 3.5, 7.2 Hz, 1H, 
H-1 3), 3.02 (m, 1H, H-3'), 2.81 (m, 2H, CH2-10), 2,15 (dd. J=2.0, 15.3 Hz, 1H, H-8e), 
1,97 (dd. Ja6.0, 15.3 Hz. 1H, H-8ax), 1.7-1,9 (m, 2H, CH2-2') and 1.14 delta (d, J«6.0 
HZ, 3H. CH3-8') 

Molecular formula; C27H30NIO10,He! 

m/i in PD equivalent to the free base: §66/MH/@ 

$55/M/@ and 416(M<+>) corresponding to the aglyeene. 

A selective high pressure liquid ehromathography (HPLC) method* allows to separate 
(two peaks with retention times 1 8.8 and 1 9.3 minutes) the two C-1 3 stereoisomeric 
alcohols, present in a sample of synthetic ^-deoxy-IS-dihydro^'-iododoxorubicin, 
prepared by NaBH4 reduction of I. 

ysing the same HPLC method, FCE 24883 (II) appears as a single peak with a retention 
time of 1 9.3 minutes corresponding to that of the slower moving constituent of the 
§Mnthetle 13»dihydrederivative. 



.6 method 



Column: two RP Spheriserb S30DS2 (C18 3 mu , Phase Separation U.K.) 180x4.8 mm 
connected in series. 
Temperature: 45 DEG C 

labile phase A: 0.05 M aqueous of KH2P04, made to pH 3.0 with 1M H3P04/CH30H 

s 80/20 (by vol.) 

Mobile phase B: CH30H 

glutton: isoeratic for 30 minutes (42%A + 58%B) 

Flow rate: 0.6 ml/min, 
Detection; 2S4 nm 



Acid hydrolysis of II (0.2N aqueous HGI, 80 ©I© Q, 30 minutes) gives a red precipitate 
of the corresponding aglycone (III), while the sugar constituent, namely 3-amino-2.3,4,6- 
tetradeoxy-4-iodo-L-lyxohexohexose (IV), present in the aqueous phase, has been 
identified after comparison with comparison with an authentic sample obtained upon 
Spid hydrolysis compound I. EM 19.1 

The absolute (S)-configuration at C-13 of III has been determined by direct comparison 
(1H-NMR and mass spectra, TLC) of its 9,13-0-lsopropylidene-14-0-t-butyldlphenylsily] 
derivative with the corresponding derivative of an authentic samples of 1 3-(S)- 
dihydroadriamycinone. obtained as described by S. Penco et al. in Gazzetta Chimica 
Italians, 115, 195, 1985, 



ii@l@@ical activity 
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The cytotoxic activity of FCE 24883 (II) was tested "In vitro" on HeLa and P 388 cells 
colony formation in comparison with compound I and doxorubicin. As reported In Table I, 
compound II resulted as potent as 4'-deoxy-4'-iododoxorubicin (I) and doxorubicin. 

The "in vivo" antitumor activity, FCE 24883 (II) was tested against disseminated Gross 
Igukemia, C3H mice were injected intravenously with 2.10<6» cell/mouse and treated 
with compounds under study 24 hours after the tumor injection. 

Table II shows the results of two experiments. At the optimal dose, FCE 24883 (II), was 
found more potent than doxorubicin and as potent as 4'-deoxy-4'-iododoxorubicin (I) with 
a minor toxicity displayed at the active doses. The antitumor activity of compound II, 
evaluated as median survival time of treated over control mice, can be compared with 
those of I and doxorubicin. EMM 1.1 EMI12.1 



description of the preferred embodiments 



The following non-limitative examples are given in order to describe in more detail the 
processes and the product of the subject invention. 



A culture of Streptomyces peucetlus, strain M 87 F.I. (DSM 2444) has been grown for 14 
days at 28 DEG C on agar slants of the following maintenance medium (medium SA): 
glucose, 3%; brewer's dry yeast, 1.2%; NaCI, 0.1%; KH2P04, 0.05%; CaC03, 0.1%; 
MgS04, 0.005%; FeS04.7H20, 0.0005%; ZnS04.7H20, 0.0005%; CuS04.5H20, 
Q.Q005%; agar, 2%; tap water up to 100 ml; pH 6.7; sterilization is carried out by heating 
in an autoclave at 1 1 5 PEG C for 20 minutes. 

The spores of the so grown culture are collected and suspended in 3 ml of sterile 
distilled water; this suspension is inoculated in 300 ml Erienmeyer flasks containing 60 
ml of the following liquid growth medium: brewer's dry yeast, 0.3%; peptone, 0.5%; Ca 
(N03)2.4H20, 0.05%; tap water up to 100 ml. Sterilization by heating in autoclave at 
1 20 DEG C for 20 minutes. The pH of this medium after sterilization is between 6.8 and 
7.0. The inoculated flasks are shaken for 2 days at a temperature of 28 DEG C on a 
rotary shaker running at 250 r.p.m. and describing a circle of 7 cm in diameter. 1 .5 ml of 
the culture grown as described above are inoculated in 300 ml Erienmeyer flasks 
containing 50 ml of the following biotransformation medium: yeast extract, 1.5%; 
KH2P04, 0.25%; glucose, 1.5%; tap water up to 100 ml, pH 6.9; sterilization by heating 
in autoclave at 1 15 DEG C for 20 minutes. The glucose solution is sterilized separately 
§nd added to each sterilized flask at the proper concentration. 

The flasks are then incubated at 28 DEG C under the conditions described for the seed 
phase, for 24 hours. At this time 1 .0 ml of a solution of compound I in sterile distilled 
water at a concentration of 5 mg/ml are added to each flasks. The shaken flasks are 
incubated for 2 days more obtaining a 70% conversion of compound I into compound II. 



Isamjle 1 



Ixample 2 
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A culture of S. paueetius strain M 87 F.I. is grown on solid medium as described In 
example 1 . The spores of three slants are pooled and collected in 10 ml of sterile 
distilled water; the suspension so obtained is Inoculated in a 2 i baffled round-bottomed 
flask containing §00 mi of the seed medium described for example 1 . The flask is 
incubated for 48 hours on a rotary shaker running at 120 r.p,m. and describing a circle of 
7 cm In diameter at a temperature of 28 DEG C. The whole seed is inoculed In a 10 1 
stainless-steel fermenter containing 7.5 1 of the biotransformation medium described in 
example and sterilized by vapour at 120 DEG C for 30 minutes, the glucose solution 
being sterilized separately and added at the proper concentration to the sterilized 
fermenter.The culture is allowed to grow at 28 DEG C under stirring at 230 r.p.m. and 
aerated with an air flow of 0.7 liter/liter of the medium/minute. 
After 48 hours the substrate compound is added at the concentration described for 
example 1 , and the culture incubated for 3 more days obtaining a 60% conversion of 
compound I into compound II. 



The whole beer (5 1) from a fermentation obtained according to example 2, was filtered 
using 2% diatomaeeous earth as filter aid. The wet filter cake was extracted with 
acetone (3 1), After filtration two additional extractions with acetone were effected to 
ensure a complete recovery of the red pigments. The combined acetone extracts were 
connected under reduced pressure and the concentrate ( 1 1) was combined with the 
filtered broth and exhaustively extracted at pH 8 with a dichloromethane:methano! 9:1 
mixture. The organic extract, containing compounds I and II with some degradation 
products, was concentrated under reduced pressure to dryness. The residue, dissolved 
in dichloromethane, was chromatographed on a column of silica gel, buffered at pH 7, 
(M/1 5 phosphate buffer) with a gradient of dichloromethane:methanol:water 
mixture.After some degradation products compound I was eluted with a 95:5:0.25 
mixture followed by FCE 24883 (II) with a 90:10:0.5 mixture. 

From the pooled fractions, after washing with water, concentration to a small volume In 
the presence of n-propanol, addition of an equivalent of hydrochloric acid and of an 
excess of n-hexane pure FCE 24833 (II, 0.30g, 60%), as the hydrochloride (m.p, 200 
DEG C, dec.) was obtained. Following the same procedure, untransformed compound I 
(Q.13 g, 26%), as the hydrochloride was also recovered, 



A sample of FCi 2483$ (I) (200 mg) was dissolved in 0.2 N aqueous hydrochloric acid 
(§0 ml) and heated for 30' at 100 DEG C. A crystalline red precipitate (0.12 g) of 
aglycone (III) was collected by filtration, washed with water and dried. Mass spectrum: 
m/e 416 (M<+>). The aglycone (III) was identified as 13-(S)-dihydroadriamycinone by 
comparison with an authentic sample. 



Sample § 



Example 4 
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